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the fame difappointment, even in recent wounds, that 
are made upon difeafed parts. So that I think it may 
be reafonably queftioned, whether I fhould not have 
met with the like difficulty in this fubjed:, had I at- 
tempted to fecure the veffels by ligatures. 

Hatton-Garden, Thurfday 
May 23, 1754. 



LXXIX. Defer iption of a new Pyrometer, 
with a *Table of Experiments made there- 
with. By Mr. J. Smeaton, F. R. S. 

Read May 23, a s it may tend to illuftrate the fol- 
1754 JlJL 'owing account, it may not be im- 
proper to make mention of the properties, that a com- 
plete inftrument, for meafuring the expanfions, that 
metalline bodies are fubjedt to by heat and cold, ought 
to be endowed with. 

And, firft, fince the quantities of thofe expan- 
fions muft be proportionable to the length of the bar 
to be meafured 5 the longer the bar, the more fen* 
iible the expansion : And therefore fuch a conftru&ion 
is befl, as (ceteris paribus) will admit of the longeft 
bar. 

Secondly, That the fcale, whereupon thofe minute 
alterations are to be meafured, ought to be, at leaft, fo 
large, that the fmalleft change in the length of the 
bar, which the inftrument is capable of being with 
certainty affe&ed with, ought to be perceiveable 
thereon. 

Thirdly, 
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Thirdly, As the fame change, with refpeft to the 
pofition of the index and fcale, will enfue, upon the 
fuppofition, that the materials, compofing the inftru- 
ment itfelf, are expanded in a certain degree, and the 
bar applied to be meafured remains unchanged in its 
length 5 as if the inftrument were fuppofed to fuffer no 
expanfion, and the bar to be meafured were fuppos'd to 
expand in the former degree : It is therefore neceffary, 
that, in the making ufe of an inftrument of this kind, 
the materials, of which thofe parts are compofed, upon 
which the meafure depends, and which may be called 
the bafis thereof, fhould be fubjedt to no expanfion 
or contraction during fuch trial, or that the expanfion 
or contraction thereof fhould be capable of being 
known, and accounted for. 

Fourthly, That as all bodies grow ftill longer by 
the application of a greater degree of heat ; to com- 
pare the expanlions of different bodies, we ought to 
have fome method of heating them in the fame de- 
gree, notwithstanding their difference of texture, fpe- 
cific gravity, &c. 

Fifthly, The feveral parts, upon which the mea- 
furements depend, ought to be fufficiently large, to 
be themfelves actually meafured $ that not only the 
proportions of increafe of length in different metals, 
by the fame degrees of heat, may be known y but 
alfo the quantities of thofe expanfions, in real mea- 
fures : Or, in other words, the proportions, that their 
increafe of length, between certain degrees of hear, 
bears to the length of the bodies: By which means,* 
we are enabled to afcertain the changes, that bodies 
undergo in their dimenfions by the application of any 
given degrees of heat. 

With 
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With refped to the firft property, this inftrument 
is capable of receiving a bar 2 feet 4 inches long, and 
might be made capable of receiving bars of a much 
greater length, of fome kinds of materials, but not 
of others ; on account of the flexibility brought upon 
them by a degree of heat not greater than boiling 
water. 

The meafures taken by this inftrument are deter- 
mined by the contad of a piece of metal with the 
point of a micrometer-fcrew. The obfervation is the 
beft judg'd of by the hearing, rather than that of the 
fight or feeling. By this method I have found it very 
pra&icable, to repeat the fame meafurement feveral 
times, without differing from itfelf above one twenty- 
thoufandth part of an inch. This principle of deter- 
mining meafures by contact is not wholly new; but 
has been employed on feveral occafions, as I am in- 
form'd, by the late Mr. Graham : But the prefent 
manner of applying thereof, I believe, is fo \ and the 
degree of feniibility arifing therefrom exceeds any 
thing I have met with. As the method will eafily 
appear by the draught (fee Plate XXI.), I fliall avoid a 
farther defcription of it in this place *. 

As no fubftance has hitherto been difcoyer'd in na- 
ture, that is perfectly free from expanfion by heat, I 
chofe to conikudt this inftrument in fuch a manner, 

that 



* I have lately feen an inftrument at Mr. Short's, made by the 
late Mr. Graham, for meafuring the minute alterations, in length, 
of metal bars.; which were determin'd by advancing the point of a 
micrometer-fcrew, till it fenfibly ftopp'd againft the end of the bar 
to be meafur'd. This fcrew being fmall, and very lightly hung 
was capable of agreement within the 3 or 4000th part of an inch. 
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that the bar, which makes the bafis of the inftrument, 
{hall in each experiment fuffer the fame degree of 
heat, as the bar to be meafur'd ; Of confequence, the 
meafures taken by the micrometer are the differences 
of their expanfion. The expanfion then of the bafis 
between two given degrees of heat being once found, 
the abfolute expanfion of any other body, by adding 
or fubtra<fting the difference to or from the expanfion 
of the bafis, according as the body to be meafur'd 
expands more or lefs than the bafis, will alfo be de- 
termine. 

When the inftrument is made ufe of, it is immerg'd, 
together with the bar to be meafur'd, in a ciftern of 
water * which water, by means of lamps apply'd 
underneath, is made to receive any intended degree 
of heat, not greater than that of boiling, and thereby 
communicates the fame degree of heat to the in- 
ftrument, the bar, and to a mercurial thermometer 
immerg'd therein, for the purpofe of afcertaining 
that degree. That this may be truly the cafe, the 
water fhould be frequently ftirr'd, that there may be 
no difference of heat in the different parts of the 
water: This being done, the height or the quick- 
filver appearing ftationary, the contad: with the fcrew 
of the micrometer alfo remaining the fame, for a 
fpace of time, it is to be fuppos'd, that the heat of 
tne three bodies will be the fame, as the heat of the 
water, however different they may be in fpecific gra- 
vity, &c* The whole difficulty is now reduc'd to this 
problem, viz. 

To find the abfolute expanfion of the bafis between 
any two given degrees of beat y not greater than that of 
boiling water* 

4 G For 
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For this purpofe, let there be prepaid a bar of 
ftrait-graind white deal, or cedar y which, it is well 
known, are much lefs expansible by heat than any 
metal hitherto difcover'd : Let the bar be adapted to 
the inftrument in like manner as the other bars in- 
tended to be meafur'd j but that the foftnefs of the 
wood may not hinder the juftnefs of its bearings, let 
its ends be guarded with a bit of brafs let into the 
wood at the points of contad, to prevent, as much 
as may be, the moifture or fteam of the water from 
affe&ing the wood 5 let it firft be well varnifh'd, and 
then, being wrapp'd round with coarfe flax from end 
to end ; this will, in a great meafure, imbibe the va- 
pour, before it arrives at the wood. Let the ciftern 
alfo be fo contriv'd, that the inftrument being fup~ 
ported at a proper height therein, the bar to be mea- 
fur'd may, upon occafion, be above the cover, while 
the bafis remains in the water : Thus will the cover 
alfo be a defence againft the moifture. Let the water 
in the ciftern be now brought to its lower degree of 
heat (fuppofe at or near the freezing point), the bafis 
having continu'd long enough in the water to re- 
ceive the fame degree of heat, and the wooden bar 
having been previously kept in an adjacent room, not 
fubje& to fudden alterations of temperature by fire, 
or other caufes; let the bar bp apply'd to the in- 
ftrument, and the degrees of the micrometer and the 
thermometer read off, and fet down : Let the wooden 
bar be then reftor'd to its former place, till the water 
is heated to the greater degree intended (fuppofe at or 
near that of boiling water) ; the lid being now fhut 
down, and the chinks ftopp'd with coarfe flax, to pre- 
vent the ifTuing of the fteam as much as poflible, let 

the 
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the wooden bar be again brought forth apply'd to the 
inftrument, and the degrees of the micrometer and 
thermometer read off, as before : The difference of 
degrees of the micrometer, correfponding to the dif- 
ference of degrees of the thermometer, will exprefs 
the expanfion of the bafis between thofe degrees of 
heat ; that is, upon the fuppofition that the wooden 
bar was of the fame length, at the time of taking the 
fecond meafure, as at the firft : Indeed a meafure 
can hardly be taken without any lofs of time, as the 
whole of the inftrument, when the hot meafure is to 
be taken, is confiderably hotter than the wooden bar y 
and, in cafe of boiling water, the fteam being very re- 
pellent and a&ive, the bar is liable to be fenfibly af- 
fe&ed in its length, before the meafure can be taken, 
both by heat and moifture, which both tend to ex- 
pand the bar: But as the quantity is fmall, and ca- 
pable of being nearly afeertain'd, a wooden bar, thus 
apply'd, will anfwer the ftme end as if it was unalter- 
able by heat or moifture, 

In order, therefore, to know the quantity of this 
alteration, let the time elaps'd between the firft ap- 
proach of the bar to the inftrument, and the taking of 
the meafure, be obferv'd by a fecond- watch, or other- 
wife ; after another equal interval of time, let a fe- 
cond meafure be taken ; and after a third interval, a 
third} and a fourth} the three differences of thefe 
four meafures will be found nearly to tally with three 
terms of a geometrical progreffion, from which the 
preceding term may be known, and will be the cor- 
rection ; which, if apply'd to the meafure firft taken, 
reduces it to what it would have been if the wooden 
bar had not expanded during the taking thereof 

4 G z From 



C 604. 1 

From a few obfervations of this kind, carefully re* 
peated, the expanfion of the bafis may be fettled ; 
and this once done, the making experiments upon 
other bars will become very eafy, and compendious. 

The bafis of this inftrument (as well as other parts 
thereof) is brafs. I chofe this fubftance rather than 
any other whofe expanfion was greater or lefs, becaufe 
I found, from fome grofs experiments previoufly 
made, that the expanfion of brafs was nearly a me- 
dium between thofe bodies, which differ moft in their 
expanfion: A confiderable convenience arifes from 
this circumftance $ becaufe as the meafures, taken in 
common experiments, are their difference from brafs, 
the dependence upon the thermometer will be lefs, as 
thefe differences are lefs. This precaution I have 
found the more neceflary, as the greateft errors that 
experiments made with this inftrument are fubjed: to, 
feem to be chiefly owing to the thermometer, tho' 
that which I us'd was well graduated, and good in 
other refpedts ; but this muft neceflarily happen, as 
the fcale and fenfibility of the micrometer, when 
thofe metals were try'd which differ moft from the 
bafis, were greater than that of the thermometer. 

The bar of brafs which compofes the bafis is an 
inch broad by half an inch thick, and ftands edge- 
ways upwards 5 one end is continu'd of the fame 
piece at right angles, to the height of three inches and 
an half, and makes a firm fupport for the end of the 
bar to be experimented 5 and the other end ads 
upon the middle of a lever of the fecond kind, 
whofe fulcrum is in the bafis 5 therefore the motion 
of the extremity of the lever is double the differ- 
ence between the expanfion of the bar, and the bafis. 

This 
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This upper pa# of the lever rifes above the lid of the 
ciftern, h that it and the micrometer-fcrew are at 
all times clear of the water. The top of the lever 
is furnifh'd with an appendage which I call the feeler y 
it is the extremity of this piece which comes in con- 
tad with the micrometer-fcrew; The conftru&ion 
and application hereof will better appear from the 
draught, than from many words. It hence appears, 
that, having the length of the lever from its fulcrum 
to the point of fufpenfion of the feder, the diftance 
between the fulcrum and the point of conta<5fc with 
the bar, the inches and parts that correfpond to a 
certain number of threads of the micrometer, and 
the number of divifions in the circumference of the 
index-plate $ the fra&ion of an inch exprefs'd by one 
divifion of the plate may be deduc'd : Thofe mea- 
fures are as follows. 

Inches. 

From the fulcrum of the lever to the feeler 5.875 
From the fulcrum to the plate of contaft 2.895 
Length of 70 threads of the fcrew . 2.4 ff 

Divifions in the circumference of the index-plate 
100. 

Hence the value of one divifion will be the T^f^i 
part of an inch : But if the fcrew be alter'd i of one 
of thefe divifions, when the contadt between the fcrew 
and feeler is well adjufted, the difference of contad 
(if I may fo call it) will be very perceivable to the 
flighted obferver; and, confequently, tt?t part of 
an inch is perceivable in this inftrument. 

There is one thing ftill remains to be fpoke of, and 
that is, the verification of the micrometer-fcrew, 

which 
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which is the only part of this inftfumeni that requires 
exa&nefs in the execution; and how difficult thefe 
are to make, perfectly good, is well known to every 
perfon of experience in thefe matters ; that is, that 
the threads ot the fcrew may not only be equidiftant, 
in different places, but that the threads ihall be equally 
inclin'd to the axis in every part of the circumfe- 
rence. 

As nearly the fame part of the fcrew is made life 
of in thefe experiments, the latter cfocufnftance is 
what principally needs enquiry. For this purpofe, 
let a thin flip of fteel, or other metel* be prepar'd, 
whofe thicknefs is about I of the diftaoce of die 
threads : Let the edges of this thin plate be cut into 
fuch a fhape, as exa&ly to fit into the fix'd notch in 
which one end of the bar is laid: Let a fcrew pais 
thro' the ftandard of brafs, on which that notch is 
fupported, in fuch a manner, that the end of the bar 
to be meafur'd that is fkrtheft from the lever, may 
take its bearing againft the point (or rather the fmall 
hemifpherical end) of this fcrew: Let one of the 
brafs bars* us'd in the other experiments, be apply'd to 
the inftrument, and a meafure taken 5 then let the 
thin plate be put in between the end of the bar and 
the p<>int of the fcrew laft mention'd, and again take 
the meafure 3 but firft obferve, that the plate is put 
down to the notch, fo that the fame place of the plate 
may always agree with the point of the fcrew, and, 
confequently, no error may arife from a different thick* 
nefs in different places of the plate : Obferve alfo^ 
that the whole comes to a true bearing; then advance 
the fame fcrew till the micrometer-fcrew is pufli'd 
backward i of a revolution 5 again repeat the meafure 

with 
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with and without the thin plate ; again advance the 
former fcrew, fo as to make that of the micrometer 
recede another quarts of a turn, and repeat the mear 
fures with' and without the thin plate. This method 
being purfu'd as far as neceffary, it is evident, that, 
the thickneft of the plate being always the fame, if 
the difference of meafures, taken with and Without it, 
are not always the fame iri the different parts of a re- 
volution of the micrometer-fcrew, that this fcrew is 
not equiangular 5 but from the differences of thfc 
meafures correfponding to the thicknefs of the fame 
plate, in the different parts of a revolution, the errors 
thereof may be nearly affign'd. For greater certainty 
in this examination, left the heat of the obferver's 
body fhould affe& the bar or inftrument during the 
ohfervatioa, let the whole be immerg'd in the cSfcern 
of water, which ought to ftand a fufixeient time be- 
fore d^ obfervation is begun, to acquire the feme 
temper as the air, which aMo ought to be in a fettled 
ftate* 

In this manner I examined fuch threads of this 
icrew as were made ufe of in the following expe* 
riments, but did not find any material errors. 

The refult of the experiments made with this in- 
ftrument agrees very well with the proportions of ex- 
panfion of feveral metals given by Mr. EUicott ; 
which were deduced from his pyrometer publifh'd in 
the Philofopbiml Tranfatfims : And, confidering the 
very different comftrudion of the two inftrumeats, 
they abundantly tend to confirm each other. 

References 
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References to the Figures. 

Fig. i. reprefents the inftrument independent of the 
ciftern in which it is us'd. 

ABC Z>, is the main bar or bafis of the inftrument. 

E F, is the bar to be meafur'd, lying in two notches $ 
one fix'd to the upright ftandard A i?, the other to 
the principal lever HI. The end E of the bar 
E F 7 bears againft the point of 

<?, a fcrew of ufe in examining the micrometer- 
fcrew. 

The other end of the bar F bears againft a fmall 
fpherically protuberant bit of hard metal fix'd at 
the fame height as G, in the principal lever HI. 

K, is an arbor fix'd in the batfis, which receives at each 
end the points of the fcrews HL y upon which the 
lever H L turns, and ferve as a fulcrum thereto. 

0, is a (lender fpring, to keep the lever in a bearing 
ftate againft the bar ; and 

P, is a check, to prevent the lever from falling for- 
ward when the bar is taken out. 

N, is the feeler, fomething in the fhapaof a T, fuf- 
pended, and moveable up and down upon the points 
of the fcrews I M, which, as well as LH, are fo 
adjufted, as to leave the motion free, but without 
fhake. 

^/?, is the handle of the feeler, moveable upon a 
loofe joint at R -> fo that, laying hold of it at J^, 
the feeler is mov'd up and down without being af 
fedted by the irregular preflure of the hand. 

The extremity s of the feelefr is alfo, furnifh'd with 
a bit of protuberant hard metal, to render its con- 

ta<ft 
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u6l with the point of the micrometer- fcrew more 
perfeft. 
I, is the micrometer-fcrew; F, is the divided index- 

plate, and W a knobb for the handle. 
The micrometer-fcrew paffes thro* two folid fcrew'4 

holes at D andT. 
The piece TZ is made a little fpringy, and endea- 
vours to pull the fcrew backwards from the hole at 
D; of confequence keeps the micrometer-fcrew 
conftantly bearing againftits threads the fame way, 
and thereby renders the motion thereof perfe&ly 
fteady and gentle, 
X, is the index, having divifions upon it, anfwering to 
the turns of the fcrew. This piece points out the 
divifions of the plate, as the face of the plate points 
out the divifors upon the index. 
When the inftrument is us'd, lay hold of the knob 
at ^,with one hand, and, moving the feeler up and 
down, with the other move forward the fcrew /, till 
its point comes in contact with the feeler ; then will 
the plate and index FandXfhew the turns, and parts. 

Fig. 2. reprefents the inftrument immerg'd in its 
ciftern of water, ready for ufe. 

AB, is the ciftern; C, the cover; which, when the 
inftrument /#. 1. is rais'd upon blocks, goes on be- 
tween the bar E F and the bafis B C. 

D, a handle to take off the cover, when hot; E 3 the 
mercurial thermometer; JP, the cock to let out the 
water. 

G Hj a hollow piece of tin, which fupports {even fpl* 
rit lamps, which are rais'd higher or lower by the 
fcrews / and K, m order to give the water in the 
ciftern a proper degree of heat. 

4H A TABLE 
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A TABLE of Experiments, 

By which the numbers in Tab* I. Coh 6. N* i, 2, and 
4, were determined. 

Experiment 1. The time elaps'd between ap- 
proaching the bar to the inftrument and taking the 
firft meafure, was half a minute : Therefore the in- 
tervals between taking the fucceeding meafures was 
half a minute alfo. The firft meafure was 208 j the, 
fecond 2 1 44 ; the third 2 1 61 ; the fourth 2 1 j\. The 
differences of thefe are &£, 2, and 1 ; which pretty 
well tallies with the three laft terms of the following 
geometrical progreflion whofe common divifor is 2.8 , 
viz. 17.7 : 6.3 : : 2.25 : »8 * therefore as the mea- 
fures increas'd from the firft, the firft meafure being 
diminifh'dby the firft term, viz* 208 — 17.7 = 190.5, 
will be the true meafure of the bar at the firft inftant 
of its application, before it was expanded by the heat 
and moifture about the inftrument, 

Exp. 2 . The firft meafu re was 2 2 1 £ , the fecond* 
22 j; third, 230^ fourth* 232^* whofe differences 
are 5|, $i, and ?i; agreeing with the three laft 
terms of the following prpgrefiion, whofe common 
dirifor is 1.65 viz, 9.2 : 5,8 : : 3.6 : 2.2; therefore 
221.27 — 9-2 = 212.15-. 

Exp. 3* The firft meafure taken was 401 ; and 
at that degree of heat the wooden bar did notfenfibly 
alter during two minutes. 

Exp. 4. The firft meafure taken was 27 si > fe- 
cond, 278!, third, 280^ $ and the fourth^ 2824: 
The differences are, 3, 2^, ilj agreeing with the 

three 
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TAB. L A Table of Experiments. 



9 
so 
II 

12 

*3 

*4 
*5 
16 

17 
18 

19 

20 
21 
22 

23 

24 

^5 
26 

27 
28 
29 
30 
3i 
32 
33 
34 

36 

3 Z 
38 

39 

40 

41 
42 
43 
44 
45 
46 

47 



Matter of tjic Bars. 
Standard bar of white deal — 



Ci-H 

Meafure. 



White glafs barometer tube * — — 

Maltiai regulus of antimony — — 

Blifter'd fteel —* — — 

Another bar from the fame gad *— • — - 
Another bar from a different gad — 

Steel harden'd -— — ~ 

Dantzick iron •— — - • — > 

Another bar from the fame gad —■ « — 
Another bar from a different gad -— 

Thick wire of Englifh iron ■ — — * 
Another rod from the fame piece -— 

Bifmuth, or tin-glafs — < — . — . 

Copper plate hammer'd *— — 

Another bar from the feme piece — 

Copper 8 parts, with tin 1 *— — • 

Caft brafs hammer'd — — • - 

The fame brafs unhammer'd ■ — — 

Thick brafs wire hard drawn — . — 

Brafs wire fofter drawn — — - 

Speculum metal . — ~ — . 

Brafs 16 parts, with tin 1 — — > 

Speltre folder, viz. brafs 2, zink 1 -— 

Fine pewter — — . — - 

Grain tin — — — - — 



repeated 
repeated 
repeated 

repeated 
repeated 

repeated 

repeated 

repeated 



repeated 

repeated 
repeated 

repeated 

repeated 



Soft folder, viz. lead 2, tin 1 — 

Zink, 8 parts, tin 1, lightly hammer'd 
Hard lead — « — — 



Soft lead 
Zink, or fpeltre 



Zink hammer'd out half an inch a foot 



repeated 

repeated 
repeated 



Parts 
of 
Micro- 
meter. 


Deg. 

by 

Ther. 

mom. 



486.3 

495.8 
514.6 

573 
625.0 

566.6 

557- 1 
684.1 

751,0 
685.7 
683.8 
7*9-7 
740.1 

739-9 
904-5 
697.5 
705.8 
683.9 
683.5 
756.0 
694.9 
689.6 

542-1 
605.0 

660.0 
717.0 
721..0 
581. 1 
584.2 
682.4 
691.2 

694-5 
741. 1 
827.7 
6037 
615.0 

743-3 
742-4 

735-5 
681.7 

753-5 
569.5 

617.7 

552-7 
654.9 
665.6 
6a8.o 



40 1 

47 i 
43* 
37 

39 I 
39 
47 
47 
39i 
40 

47 

40 

40 i 
47 

40 1 

40 i 
40 i 

47 
40 
40 

39 

40 

39 i 
39 * 
391 

47 

39 i 

47 

39 i 

391 

47 

391 

47 

47 

47 

47 

47 

39 

47 

38* 

39 

47 

47 

39 

47 

3«! 



Middle 
Meafure. 



Parts 


Deg. 


of 


of 


Micro* 


Ther- 


meter. 


mom. 



— 1 


— 


401.0 


IO9 


569.0 


964 


494-7 


112 


708.0 


95* 


638.0 


ii3i 


694.0 


114 


855-5 


1134 


mmmm 




«■■» -' 


, 


642.9 


114 


*— — 


— «-— 





— 


593-5 


94! 


705.0 


931 


715-0 


mi 


582.0 


H2-k 


6 955 


II2| 


828.8 


112 


602.5 


Illf 


624.2 


III i 


764.0 


J09i 


767.1 


"5 


713.0 


114 


797-5 


105 


""*— "-~ 


-— • 



Hot 
Meafuret 



664.5 
609.3 

7^3-5 



no 
no 

«4* 



693.C io6i 
Place this! 



Farts 2 Deg, 

of of 

Micro- [Ther- 

meter, mom. 


I9O.3 
2I2.I 


2Il£ 
211 



271. 1 

500.5 
406.3 
398.0 

560.0 
662.5 

564.9 
566.3 

599-5 
622.3 

625.0 

795.2 

593-5 
604.5 

580 

583 
653.6 

593-6 
606.0 

511 

582.0 
627.1 

694-5 
703 . 

57'-« 

575-0 

6 73-5 

691.0 
692.3 

74i 
826.5 

597- 6 
632.5 

7938 
818.2 
822.6 
765.0 
826.5 
721.7 
7530 
680.7 
810.0 
812. 
744-5 
between p. 



21 ij. 

163 

206 

208 

210 

154 
210 

■2ioi 

210 

210J 

209 

210 

2Ilf 

2I0| 

2K>£ 

209 

209 

207 

211 

205 

I42 

203 

x 39i 

209 
210 

208| 

210* 

210 

2094 

210 

2o8£ 

209 

209 

211 
209 
210 
210 

*47 

211 
211 
211 

211 1- 

2IQ 

150- 

6 1 a, 61 1 •* 



Extremes, 



eg. 
>f 
ler- 
rtrn. 



Hi. 

>3 

38 

to 

54 
10 

1 of 

10 

io| 

10 

Hi 

iot 

09 

09 

07 

11 

05 
4.2 

03 

39* 

09 

10 

o8i 

10 

10 

091 
10 

o8i 

09 

09 

11 

09 

10 

10 

47 
11 

11 

11 

"i 

to 

50 







D;ff. 


Different 


Diff. 


Pts re- 


Parts, 


Ther- 


duced to 




mom. 


1660. 



-296.0 

-^3_7| 

3O2.0! 

— I24.5! 
1.60.3] 

— IS9-J 

— 1 24. 1 

— 88.5 
— 120.8 

—i 17.5 
— 120.2 

— 117.8 

—1 14.9 

- I0 9-3 
— 104.0 
— 101.3 
— 103.6 
— 100.4 
— 102.4 
— 101.3 

— 83.6 

— 31.0 

— 23.0 

— 32.9 

— 22.5 

— 17-3 

— 9-3 

— 9.2 

~ 8.9. 

— 0.2 

— 2.2 
0.0 

— 1 

— 6.1 

t x 7-5 

7 505 
+ 75.8 
+ 87. 

+ 83. 

+ 73.0 

+152. 

H-I35- 

+ 128. 

+ 155- 
+ 146. 
+1 16. 



r 
631 

74i- 

23I 

67 
61 

63 

Hi 

70 

63! 

70 

r 
02 

72i 

71 

70 

62 

6 7 

72 

65 

02I 

632 
00 
62 

7oi 
6il 

7°7 

62| 

70| 

61 1 

62 

62 

64 

62 

7 1 

63 

o8i 

64 
64- 

63 
III 



10, 611, 



287.0 
288.0 
287.0 
288.0 
1.67.5 
59-5 

6 3 5 

26.1 

128.0 

Il8.2 

1 19.0 

"7-5 

1 15.5 

"7-5 
105.3 

101.0 

99,0 

IOIO 

102.5 

1 01.9 
IOI.O 

80.7 

31.2 

37-2 

334 

37-3 

17-7 
9.1 

95 

8.7 

0.2 
2 2 
0.0 
1.2 

6.3 
17.9 

511 
76.8 

84-s 
84.7 

in. 8 
147.2 
'3<>-5 
129-5 
149.0 
149.0 



Cold and Medium, 


Mean 


Irre- 




Pts de- 
duced 


guJa* 


Differ- 


Diff. 


aff. 


rity. 


ent 


The. 


Pts re- 


from 




Parts. 


mo- 


duced to 


Ex- 






met. - 


66o. 


tremes. 



















— 





— — 


- — «—. 


j. 


II3.6 


65i 


1 14.5 





— — _ 


— - 




.. 





- 


56.O 


57 


65O 


66.5 


+H 


— — ^ 


— 


— — 


__ 


. 


62.4 


65 


6 3-3 


65 .0 


+ i£ 


— — 


* — . 








. *~« 


43-o 


56 


5°<7 


51. 


+ * 


458 


661 


45-5 


47-4 


+2 


— — — — 


•— 





■■ > ■ 


» 










— _ 


_— . 


45-9 


67 


45,1 


46.7 


+ Ii 


49.0 


75.1 


42.7 


4* -9 


•—I 










. 


,,. 


— . — 











tmm ^. 


40.6 


67 


. 40.0 


40.8 


+ i 












n-5 


55* 


*3-7 


14.8: 


+ 1 


12.0 


53* 


14.7 


14.8 


+ A 


6.0 


Hi 


6.1 


7.0 


+ 1 


22 


651 


2.2 


H 


+^i 


— , — 





__ 


— - 


, . . 


1.0 


651 


1.0 


0.9 


1 
1^ 


— — 




— — . 





— . 


1.1. 


65 


1.1 


0.5 


1 


1.2 


6 4 f 


r.2 


2-5 


+h 


9.2 


644 


9-+ 


7-i 


-2| 


2®-7 


62t 


21.8 


20 .4 


— I| 


24.7 


68 


24.0 


30 -5 


+ 6i 


— — 





. 


. 


— l— — 


J.i-3 


67 


30.8 


33-7 


+3 


44-o 


66^ 


43-9 


44.4 


+ I 


— — —— 


— — - 


— • 


— 


— .—_ 


46.8 


63 


49,0 


54-3 


+5* 


56.6 


63 


59-2 


5* -5 


-7l-> 


57-9 


6 7 i 


"56^ 


594 


+3 


05,0 


68* 


1 6 3-Q 


68 .9 


.. -t> 



[6»] 

three laft terms of the following progreffion, whofe 
common dmfcr is 145$ ^/s.44: $.1 :: 2.15 : 1.5$ 
therefore zyf.f — 4.4 =ss 371.1, which is the firft 
meafure corre&ed. 

Hence, as appears by fab, I. N a t» a, $, and 4, 
Column $>• thefe experiments being properly reduc'd, 
agree within one divifion of the micrometer ; and die 
expanfion of the bafis, at a medium, is 2%fi parts 
thereof j correfponding to 166' of Farenheh's ther- 
mometer. 



4 rl % l AM JL Jc. 
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TABLE II 

A Table of Expanfions of Metals, 

Shewing, how much a foot in length of each, grows 
longer by an increafe of heat correfponding to 
1 80 degrees of Farenheit's thermometer, or to the 
difference between freezing and boiling water, ex- 
prefs'd in fuch parts whereof the unit is equal to 
the 10000th part of an inch* 



1 White glafs barometer-tube. i 

2 Martial regulus of antimony* 

3 Blifter'd fteel. 

4 Hard fteel. . * * 
j Iron. # 

6 Bifmuth. . • 

7 Copper hammer'd. . * 

8 Copper 8 parts, mix'd with tin i. » 

9 Caft brafs. # 

10 Brafs 16 parts, with tin i. 

11 Brafs wire. ■ . . . • • 

12 Speculum metal. 

13 Spelter folder, viz. brafs 2 parts, zink 1 

14 Fine pewter, 
if Grain tin. . 

16 Soft folder, viz. lead 2, tin 1. 

17 ZinkSpartejWithtin^alittiehammer'd 

18 Lead. • * 

19 Zink or fpelter. . . 

zo Zink hammer'd half an inch per foot. 



100 
130 

147 
ifi 

167 

204 
218 

22f 
229 

*l% 
232 
247 

274* 

298 

301 

3*3 
344 
353 
373 

T.S. 



[ **3 ] 

5P. S. It is now feveral years fince I firft obferv'd 
the very confiderable expanfion of the femi- 
metallic fubftance call'd zink, fpelter, or toot- 
anagy and propos'd it as more fit for the pur- 
pofe of making compound pendulums, and me- 
talline thermometers, than brafs ; as its expan- 
fion feem'd considerably greater, and its confift- 
ence, when gently hammer'd, not much inferior. 
With the fame view I have made trial of feveral 
other metallic compofitions, befides what is above 
fet down j but they all prov'd much inferior to 
sink in expanfion, and moft of them in con- 
fidence. 

It feems, that metals obferve a quite different pro- 
portion of expanfion in a fluid, to what they do 
in a folid ftate : For regulus of antimony feem'd 
to fhrinkin fixing, after being melted, consider- 
ably more than zink. 



LXXX. A Remark concerning the Sex of 
Holly. By Mr. John Martyn, R R. S. 
Profejfor of Botany in the Univerfity of 
Cambridge. 

Read May 3o,rTpi H E holly f agrifolium y or aquifo- 
17S4 ' J[ Hum., is defcrib'd, by all the au- 
thors that have come to my knowlege, as bearing 
hermaphrodite flowers : But if an obfervation, which 
I have lately made, is right, this tree is male and fe- 
male in different plants. I have, in my garden at 

Streatham 



